US 2012/0176130 Al

clooctadiene)rhodium(I) Tetrafluoroborate, (CAS #79255-
71-3). The hexyne reaction was performed in a solution of
50% tetrahydrofuran with 5 mL total and 30 mG Wilkinson’s
Catalyst. Most of this volume does not contribute to signal
since it is far from the magnetometer.

REFERENCES

[0090] 1.Ernst, R.R., Bodenhausen, G., A. Wokaun, Prin-
ciples of Nuclear Magnetic Resonance in One and Two
Dimensions, Oxtord University Press, New York (1987).

[0091] 2.Slichter, C. P, Principles of Magnetic Resonance,
3% ed. Springer-Verlag, New York (1990).

[0092] 3. Appelt, S., Hasing, F. W., Kithn, H., Perlo, J., &
Bliimich, B. Mobile high resolution xenon nuclear mag-
netic resonance spectroscopy in the Earth’s magnetic field.
Phys. Rev. Lett. 94, 197601-197604 (2005).

[0093] 4. McDermott, R. et al. Liquid-state NMR and sca-
lar couplings in microtesla magnetic fields. Science 295,
2247-2249 (2002).

[0094] 5. Ledbetter, M. P. et al. Optical detection of NMR
J-spectra at zero magnetic field. J. Magn. Res. 199, 25-29,
(2009).

[0095] 6. Appelt, S., Kithn, H., Hasing, F. W., & Bliimich,
B. Chemical analysis by ultrahigh-resolution nuclear mag-
netic resonance in the Earths magnetic field. Nat. Phys. 2,
105-109, (2006).

[0096] 7.Budker, D. & Romalis, M. V. Optical Magnetom-
etry. Nature Physics 3, 227-234 (2007).

[0097] 8. Kominis, I. K., Kornack, T. W., Allred, J. C., &
Romalis, M. V. A sub-femtoTesla multichannel atomic
magnetometer, Nature. 422, 596-599 (2003).

[0098] 9. Greenberg, Y. S. Application of superconducting
quantum interference devices to nuclear magnetic reso-
nance. Reviews of Modern Physics 70, 175-222 (1998).

[0099] 10. Ledbetter, M. P. et al. Zero-field remote detec-
tion of NMR with a microfabricated atomic magnetometer.
Proc. Nat. Acad. Sci. (USA) 105, 2286-2290, (2008).

[0100] 11.Savukov,I. M.& Romalis, M. V. NMR detection
with an atomic magnetometer. Phys. Rev. Lett. 94, 123001/
1-4 (2005).

[0101] 12.Xu, S.]. et al. Magnetic resonance imaging with
an optical atomic magnetometer. Proc. Nat. Acad. Sci.
(US4) 103, 12668-12671, (2006).

[0102] 13. Savukov, I. M. et al. MRI with an atomic mag-
netometer suitable for practical imaging applications. J.
Magn. Res. 199, 188-191 (2009).

[0103] 14. Bowers, C. R. & Weitekamp, D. P. Transforma-
tion of symmetrization order to nuclear-spin magnetization
by chemical-reaction and nuclear-magnetic-resonance.
Phys. Rev. Lett. 57, 2645-2648 (1986).

[0104] 15. Natterer, J. & Bargon, J. Parahydrogen induced
polarization. Prog in Nucl. Magn. Res. Spec. 31, 293-315
(1997).

[0105] 16.Bowers, C. R. Sensitivity enhancement utilizing
parahydrogen. Encyclopedia of Nuclear Magnetic Reso-
nance 9, 750-770 Eds. D. M. Grant and R. K. Harris (2002).

[0106] 17. Canet, D. et al. Para-hydrogen enrichment and
hyperpolarization. Concepts in Magnetic Resonance Part
A 28A, 321-330 (2006).

[0107] 18. Adams et al. Reversible interactions with para-
hydrogen enhance NMR sensitivity by polarization trans-
fer, Science 323, 1708-1711 (2009).

Jul. 12,2012

[0108] 19. Atkinson, K. D. et al., Spontaneous transfer of
parahydrogen induced spin order to pyridine at low mag-
netic field, J. Am. Chem. Soc. 131, 13362-13368 (2009).

[0109] 20.Chapovsky, P. L. e al. Separation and conversion
of'nuclear spin isomers of ethylene. Chem. Phys. Lett. 322,
424-428 (2000).

[0110] 21.Sun, Z.-D., Takagi, K., Matsushima, F. Separa-
tion and conversion of four nuclear spin isomers of ethyl-
ene. Science 310, 1938-1941 (2005).

[0111] 22. Aime, S., Gobetto, R., Reineri, F., Canet, D.,
Polarization transfer from parahydrogen to heteronuclei:
The effect of H/D substitution. The case of the AA'X and
A,A,'X spin systems. J. Magn. Res., 178, 184-192 (2006).

[0112] 23.Carravetta, M., Johannessen, O. G. & Levitt, M.
H. Beyond the T, limit: singlet nuclear spin states in low
magnetic fields. Phys. Rev. Lett. 92, 153001-153004
(2004).

[0113] 24. Pileio, G., Carravetta, M. & Levitt, M. H.
Extremely Low-Frequency Spectroscopy in Low-Field
Nuclear Magnetic Resonance. Phys. Rev. Lett. 103,
083002/1-4 (2009).

[0114] 25.Zax,D.B., Bielecki, A., Zilm, K. W., & Pines, A.
Heteronuclear Zero-Field NMR, Chem. Phys. Lett. 106,
550-553 (1984).

[0115] 26. Schaefer, T., Chan, W. K., Sebastian, R.,
Schurko, R., & Hruxka, F. E. Concerning the internal rota-
tional barrier and the experimental and theoretical "J(*>C,
13C) and ”J(*H, 3C) in ethylbenzene-p>C. Can. J. Chem.
72,1972-1977 (1994).

[0116] 27. Appelt, S. et al. Paths from weak to strong cou-
pling in NMR, Phys. Rev. A 81, 023420/1-11 (2010).

[0117] 28. Lee, C. I, Suter, D., and Pines, A., Theory of
multiple-pulse NMR at low and zero fields, J. Magn. Res.
75,110-124 (1987).

[0118] 29. Dang, H. B., Maloof, A. C., & Romalis, M. V.,
Ultrahigh sensitivity magnetic field and magnetization

measurements with an atomic magnetometer, Apl. Phys.
Lett. 97,151110/1-3 (2010).

[0119] 30. Koptyug, 1. V. et al. Para-hydrogen induced
polarization in heterogeneous hydrogenation reactions. J.
Am. Chem. Soc. 129, 5580-5586 (2007)

[0120] 31. Osborn, J. A., Jardine, F. H., Young, J. F. &
Wilkinson, G. The Preparation and Properties of Tris(triph-
enylphosphine)halogenorhodium(l) and Some Reactions
Thereof Including Catalytic Homogeneous Hydrogenation
of Olefins and Acetylenes and Their Derivatives. J. Chem.
Soc. A, 1711-1732 (1966).

CONCLUSION

[0121] TItis to be understood that the above description and
examples are intended to be illustrative and not restrictive.
Many embodiments will be apparent to those of skill in the art
upon reading the above description and examples. The scope
of the invention should, therefore, be determined not with
reference to the above description and examples, but should
instead be determined with reference to the appended claims,
along with the full scope of equivalents to which such claims
are entitled. The disclosures of all articles and references,
including patents, patent applications, and publications, are
incorporated herein by reference for all purposes.



